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Abstract
The response of a test particle, both for the free case and under the harmonic oscillator
potential, to circularly polarized gravitational waves is investigated in a noncommutative
quantum mechanical setting. The system is quantized following the prescription in [26].
Standard algebraic techniques are then employed to solve the Hamiltonian of the system.
The solutions, in both cases, show signatures of the coordinate noncommutativity. In the
harmonic oscillator case, this signature plays a key role in altering the resonance point and
the oscillation frequency of the system.
1 Introduction
It is now well understood that astrophysical objects like binary pulsars, quasars, giant black
holes in galactic centres and high energetic events like gamma ray bursts emit gravitational
waves (GWs). Since the indirect discovery of their existence from the orbital decay of binary
pulsar PSRB 1913+16 [1] GWs have been at the focus of intense research both at theoretical
as well as experimental fronts. Predicted originally by Einstein’s general relativity, GWs are
tiny disturbances in the fabric of spacetime which makes the proper length between two events
oscillate. Based on this oscillation, the GWs are decomposed into two independent polarization
modes, namely the linear and circular polarization [2].
In particular, the circular polarization gives a way to describe whether the background has
asymmetry with respect to magnitudes of right-handed and left-handed waves [3, 4]. Interest-
ingly, the most recent BICEP results [5] claim to have detected the B-type polarization mode
in the cosmic microwave background (CMB) which is caused by the left/right circular polarized
GWs. This detection, though indirect in nature, has reinforced the relevance of circularly polar-
ized GWs. Also the PLANCK data [6, 7] is currently being analyzed for similar results. From the
phenomenological point of view various string-theory motivated modified theories of gravity also
predicts circularly polarized GW. For example, Chern-Simons gravity, together with a Gauss-
Bonnet term results in a super-inflationary phase in cosmological evolution [8, 9, 10, 11, 12]
during which an instability in gravitational wave modes should exist [13, 14, 15] which generates
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the circular polarization of primordial GW. Thus the existence or otherwise of Chern-Simons
gravity can also be probed by looking for the circular polarization mode.
Various ground/space based interferometric GW detectors have been set up in the last couple
of decades for direct detection of GWs. They basically involve the measurement of the relative
optical phase shift between the light paths in two perpendicular km-length arm cavities. This
phase shift is caused by the tiny displacement of two test mass mirrors hung at the end of each
cavity, induced by passing GWs. The typical amplitude of GWs h ∼ δLL emitted by binary
systems in the VIRGO cluster of galaxies, at a distance 20 Mpc at 100 Hz, which the various
GW detecters like [20]-[24] are designed to probe, is ∼ 10−21. Since the cavity arm length
L ∼ 1km, δL will be ∼ 10−18m. This suggests that experimental evidence for the GWs is likely
to appear at the quantum mechanical level[25]. Besides, it is long believed that GWs would
play a key role in understanding the interplay of classical and quantum gravity at a quantum
mechanical level.
A well-known way to impliment quantum gravity effects in a low-energy regime is to im-
pose a noncommutative geometry among the spatial coordinates [16, 17, 18, 19] and construct
the corresponding NC quantum mechanics. In this spirit, we have investigated the quantum
dynamics of a free test particle [26] and a harmonic oscillator [27] in noncommutative (NC)
space under the influence of linearly polarized GWs earlier. The motivation for carrying out
such analysis stems from the fact that in the formulations of NC quantum mechanics [28]-[45]
and NC quantum field theory [46]-[55], the upper bound on NC length-scales [56, 57, 58, 59, 60]
turns out to be comparable to the δL arising in the context of GWs. Therefore the effect of NC
space geometry may be a potential noise source in GW detectors. Our formulation in [26, 27]
showed some interesting NC effects croping up in the GW-matter interaction. There we have
specifically used the linear polarization mode of the GW to keep the computation simple. Note
that if the BICEP data is corroborated by the soon-to-arrive PLANCK results the search for
direct detection of circularly polarized GWs will surely gain impetus. Therefore it is imparative
that we extend our earlier studies [26, 27] for the case of circularly polarized GWs. In the
present paper we do the same. Note that due to rotation of the GW polarization vectors in the
present case, the method of analysis presented in [26, 27] has to be modified in a non-trivial way.
Therefore, we first formulate the case for a free particle, check the cocsistency of our result in
the appropriate limit and only then move on to deal with the more involved harmonic oscillator
case. For the latter, a new resonance effect, different in nature from the linear polarization case
analyzed earlier [27] is found in our calculation.
The paper is organized as follows. In section 2, we present the detailed methodology for
constructing the NC quantum mechanics of simple matter system interacting with circularly
polarized GWs, taking the example of a free particle. In section 3, we use this methodology to
analyse the quantum dynamics of the harmonic oscillator in a similar setting and discuss the
results. Finally, we conclude in section 4.
2 Free particle in noncommutative space interacting with cir-
cularly polarized gravitational wave
We start with the example of a free particle in NC space interacting with circularly polarized
GWs. The Hamiltonian of a scalar spin zero particle in the presence of a passing GW in
transverse traceless (TT) gauge reads [61]
H =
1
2m
(
pj +mΓ
j
0kx
k
)2
(1)
2
where xj is the proper distance of the particle from the origin and m is its mass1.
The equation of motion for xj which follows from this Hamiltonian is the well known geodesic
deviation equation in the proper detector frame [2]
m
d2xj
dt2
= −mRj0,k0x
k. (2)
Eq.(2) describes the time evolution of the proper distance in TT-gauge frame as long as the
spatial velocities involved are non-relativistic. Also, |xj| has to be much smaller than the typical
scale over which the gravitational field changes substantially. This situation is referred to as the
small velocity and long wavelength limit.
Considering the GWs to be propagating along the z-axis, one can essentially focus on the motion
of the particle in the (x, y) plane since Γj0k has non-zero components only in this plane due to
the transverse nature of GWs.
To quantize this system in the NC plane, xj and pj in the above Hamiltonian are replaced by
operators xˆj and pˆj satisfying the NC Heisenberg algebra
[xˆi, pˆj] = ih¯δij , [xˆi, xˆj ] = iθǫij , [pˆi, pˆj ] = 0 . (3)
This can be mapped to the standard (θ = 0) Heisenberg algebra spanned by Xi and Pj using
[28]
xˆi = Xi −
1
2h¯
θǫijPj , pˆi = Pi. (4)
Now using the traceless property of the GW and substituting eq.(4) in eq.(1), we obtain the NC
Hamiltonian in terms of the commutative operators Xi and Pj
Hˆ =
Pj
2
2m
+ Γj
0kXjPk −
θ
2h¯
ǫjmPmPkΓ
j
0k +O(Γ
2) . (5)
Note that since it has been demonstrated in various formulations of NC gravity [62] that the
leading NC correction in the gravitational sector is second order, and we are only interested in
first order NC effects, we shall use the results of linearized gravity, (unaltered by the NC effect)
in the present paper. Now defining raising and lowering operators
Xj =
(
h¯
2m̟
)1/2 (
aj + a
†
j
)
(6)
Pj = −i
(
h¯m̟
2
)1/2 (
aj − a
†
j
)
(7)
where ̟ is determined from the initial uncertainty in either the position or the momentum of
the particle, eq.(5) can be recast as
Hˆ =
h¯̟
4
(
2a†jaj + 1− a
2
j − a
†
j
2
)
−
ih¯
4
h˙jk
(
ajak − a
†
ja
†
k
)
+
m̟θ
8
ǫjmh˙jk
(
amak − ama
†
k + C.C
)
(8)
where C.C means complex conjugate. Hence the Heisenberg equation of motion of aj(t) reads
daj
dt
= −i
̟
2
(aj − a
†
j) +
1
2
˙hjka
†
k +
im̟θ
8h¯
(
ǫljh˙lk + ǫlkh˙lj
) (
ak − a
†
k
)
(9)
1We assume that the GW detectors are reasonaby isolated so that external forces other than the GW interaction
are negligible.
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and that of a†j(t) is the C.C of eq.(9). Since the raising and lowering operators must satisfy the
commutation relations
[aj(t), ak(t)] = 0 , [aj(t), a
†
k(t)] = δjk (10)
we write them in terms of aj(0) and a
†
j(0), the free operators at t = 0, by the time-dependent
Bogoliubov transformations
aj(t) = ujk(t)ak(0) + vjk(t)a
†
k(0)
a
†
j(t) = a
†
k(0)u¯kj(t) + ak(0)v¯kj(t) (11)
where the bar denotes the C.C and ujk and vjk (which are 2 × 2 complex matrices) are the
generalized Bogoliubov coefficients which due to eq.(10) satisfies uvT = uT v , uu† − vv† = I.
The initial conditions on ujk and vjk are ujk(0) = I and vjk(0) = 0 since aj(t = 0) = aj(0).
Defining ξ = u+ v† and ζ = u− v†, we have (from eq.(9) and its C.C) the following
dξjk
dt
= −i̟ζjk +
h˙jl
2
ξlk +Θjlζlk (12)
dζjk
dt
= −
1
2
h˙jlζlk (13)
where Θjl is the new term reflecting the interplay of noncommutativity with GW
Θjl =
im̟θ
4h¯
(
h˙jmǫml − ǫjmh˙ml
)
. (14)
Eq(s). (12, 13) are difficult to solve analytically for general hjk. However, our aim is to investigate
to what extent spatial noncommutativity affects the interaction of GWs with a spin zero test
particle in the simplest of settings. In this paper, we shall solve eqs.(12, 13) for the case of
circularly polarized GWs.
In the two-dimensional plane, a circularly polarized GW hjk can be written in terms of the Pauli
spin matrices as
hjk (t) = 2f0
(
ε1(t)σ
1
jk + ε3(t)σ
3
jk
)
= 2f0 εA(t)σ
A
jk ; A = 1, 2, 3 (15)
where 2f0 is the constant amplitude of the GW and ε1(t) and ε3(t) representing the two possible
states of polarization of the GW satisfies the constraint ε21+ε
2
3 = 1 for all t and evolve according
to
dǫ3(t)
dt
= Ωǫ1(t) ,
dǫ1(t)
dt
= −Ωǫ3(t) (16)
where Ω is a constant.
We now proceed to solve eqs.(12) and (13). First note that any 2× 2 complex matrix M can be
written as a linear combination of the Pauli spin matrices and identity matrix as
M = θ0I + θAσ
A (17)
where θ0 and θA are complex numbers. Next, considering ~θ = (θ1, θ2, θ3) as being a vector in a
three dimensional complex space, it is clear that the polarization states of the GW can also be
represented as a vector ~ε in this space. Moreover, ~ε, ~˙ε and ~ε × ~˙ε are mutually orthogonal and
thus form a natural coordinate system for this space. Hence, we make the following ansatz
ζ = AI +B~ε · ~σ + C
~˙ε · ~σ
Ω
+D i
~ε× ~˙ε
Ω
· ~σ (18)
ξ = EI + F~ε · ~σ +G
~˙ε · ~σ
Ω
+H i
~ε× ~˙ε
Ω
· ~σ (19)
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where the coefficients A, B, C, D,E,F ,G,H can in general be complex functions. Substituting
eqs.(18, 19) in eqs.(12, 13), we get the time evolution equations for the coefficients
dA
dt
+ f0ΩC = 0 ;
dB
dt
− ΩC − f0ΩD = 0
dC
dt
+ΩB + f0ΩA = 0 ;
dD
dt
− f0ΩB = 0
dE
dt
+ i̟A− f0ΩG− iλf0ΩB = 0
dF
dt
− ΩG+ i̟B + f0ΩH − iλf0ΩA = 0
dG
dt
+ΩF + i̟C − f0ΩE − iλf0ΩD = 0
dH
dt
+ i̟D + f0ΩF − iλf0ΩC = 0 (20)
where λ = m̟θh¯ . This way the pair of differential equations (12, 13) are decomposed into a
set coupled differential equations of complex functions. Solving them to first order in the GW
amplitude with the specified initial conditions, we obtain
A(t) = 1− f0M1 ; B(t) =M1 ; C(t) = − (M1 + f0Ωt) ; D(t) = f0M1
E(t) = 1 + f0M1 + i
[
f0
(
λM1 −
̟
Ω
)
−̟t+ f0M2
]
F (t) = M1 + i
[
−
̟ (1 +M1)
Ω
+M2 + λf0Ωt
]
G(t) = −M1 + f0Ωt+ i
[
−
̟ (1 +M1)
Ω
−M3 −
f0Ω̟t
2
2
]
H(t) = −f0M1 + if0
[
λM1 −
̟
Ω
−M3
]
(21)
where M1, M2, M3 are given by
M1 = 1− cos Ωt ; M2 = ̟
(
sinΩt+ cosΩt
Ω
− t
)
; M3 = ̟
(
sinΩt− cos Ωt
Ω
− t
)
. (22)
Using these expressions and eqs.(18, 19, 6, 7, 11) yields the expectation values of the compo-
nents of position and momentum of the particle at any arbitrary time t in terms of the initial
expectation values of the position (X1 (0) ,X2 (0)) and momentum (P1 (0) , P2 (0)). We present
the explicit expressions for 〈X1 (t)〉 and 〈X2 (t)〉 here.
〈X1 (t)〉 =
[
X1 (0) +
P1 (0) t
m
]
+M1 [(ǫ3 − ǫ1 − f0)X1 (0) + (ǫ1 + ǫ3 − f0)X2 (0)]
−f0Ωt [ǫ1X1 (0) + ǫ3X2 (0)]−
λf0Ωt
m̟
[ǫ3P1 (0) + ǫ1P2 (0)]
+
f0
m̟
[
−
(
λM1 −
̟
Ω
+M2
)
P1 (0) +
(
λM1 −
̟
Ω
−M3
)
P2 (0)
]
+
1 +M1
mΩ
[(ǫ3 + ǫ1)P1 (0) + (ǫ1 − ǫ3)P2 (0)]
+
1
m̟
[(M3ǫ3 +M2ǫ1)P1 (0)− (M2ǫ1 +M3ǫ3)P2 (0)]
+
f0Ωt
2
2m
[ǫ1P1 (0)− ǫ3P2 (0)] (23)
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〈X2 (t)〉 =
[
X2 (0) +
P2 (0) t
m
]
+M1 [(ǫ1 + ǫ3 + f0)X1 (0)− (ǫ3 − ǫ1 + f0)X2 (0)]
+f0Ωt [ǫ3X1 (0) + ǫ1X2 (0)]−
λf0Ωt
m̟
[ǫ1P1 (0)− ǫ3P2 (0)]
−
f0
m̟
[(
λM1 −
̟
Ω
−M3
)
P1 (0) +
(
λM1 −
̟
Ω
+M2
)
P2 (0)
]
+
1 +M1
mΩ
[(ǫ1 − ǫ3)P1 (0)− (ǫ1 + ǫ3)P2 (0)]
+
1
m̟
[− (M2ǫ1 +M3ǫ3)P1 (0) + (M2ǫ3 −M3ǫ1)P2 (0)]
−
f0Ωt
2
2m
[ǫ3P1 (0) + ǫ1P2 (0)] . (24)
Reassuringly for λ = 0 one recovers the classical results for circularly polarized GW in the
low-velocity and long-wavelength limit. This shows that our formulation, in particular, the
non-trivial construction of coordinate directions using GW polarization vectors and their time
derivatives, gives consistent results. Looking at the , in this case the only NC effect comes
coupled with the amplitude of circularly polarized GW in the form λf0. Naturally this effect is
very small compared to the effect of the passing GW and hence not detectable with our present
technology. This is a common feature for both linearly and circularly polarized GW interacting
with free paticle. In retrospect, this is not surprising since in the free particle Hamiltonian (5)
itself the NC effect appears only in the interaction term. We shall see in the next section that
the NC effect is prominent in the case of a harmonic oscillator interacting with a circularly
polarized GW.
3 Harmonic oscillator in noncommutative space interacting with
circularly polarized gravitational wave
In this section, we move on to the study of the quantum dynamics of a harmonic oscillator in
NC space interacting with circularly polarized GWs. The Hamiltonian of the system reads
H =
1
2m
(
pj +mΓ
j
0kx
k
)2
+
1
2
m̟2x2j . (25)
We quantize the system in NC space, following our prescription given in section 2 and arive at
the Hamiltonian
Hˆ =
Pj
2
2m
+
1
2
m̟2Xj
2 + Γj
0kXjPk −
m̟2
2h¯
θǫjmX
jPm −
θ
2h¯
ǫjmPmPkΓ
j
0k . (26)
The first two terms in the above equation are for the ordinary harmonic oscillator, the third
term which is linear in the affine connections shows the effect of the passing GW on the ordinary
harmonic oscillator system, the fourth term is the signature of NC space, a pure NC term
linear in the NC parameter and the final term shows the coupling between the GW and spatial
noncommutativity2.
Defining raising and lowering operators as in eq.(6) and eq.(7), but using the oscillator’s natural
frequency ω instead of the frequency ̟ fixed by the initial uncertainty of the particle, eq.(26)
can be recast as
Hˆ = h¯ω
(
a
†
jaj + 1
)
−
ih¯
4
h˙jk
(
ajak − a
†
ja
†
k
)
+
mωθ
8
ǫjmh˙jk
(
amak − ama
†
k + C.C
)
−
i
2
mω2θǫjka
†
jak .(27)
2Since we are dealing with linearized gravity, a term quadratic in Γ has been neglected in eq.(26).
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The time evolution of aj(t) is once again given by the Heisenberg equation of motion :
daj(t)
dt
= −iωaj +
1
2
h˙jka
†
k −
mω2θ
2h¯
ǫjkak +
imωθ
8h¯
(
ǫljh˙lk + ǫlkh˙lj
)(
ak − a
†
k
)
(28)
and that of a†j(t) is the C.C of the above equation. Using the time-dependent Bogoliubov
transformations the equations of motions, in terms of the linear combination of Bogoliubov
coefficients ζ = u− v† and ξ = u+ v†, read
dζjk
dt
= −iωξjk −
1
2
h˙jlζlk −
mω2θ
2h¯
ǫjlζlk (29)
dξjk
dt
= −iωζjk +
1
2
h˙jlξlk +Θjlζlk −
mω2θ
2h¯
ǫjlξlk (30)
where Θjl here is defined as in equation (14) with ̟ replaced by ω.
To solve eqs.(29, 30) for the circularly polarized GW (15) we use the ansatz (18, 19) to
obtain the time evolution of the coefficients
dA
dt
+ iωE + f0ΩC + ΛD = 0
dB
dt
+ iωF −ΩC − f0ΩD − ΛC = 0
dC
dt
+ iωG+ΩB + f0ΩA+ ΛB = 0
dD
dt
+ iωH − f0ΩB − ΛA = 0
dE
dt
+ iωA− f0ΩG−
2iΛ
ω
f0ΩB + ΛH = 0
dF
dt
− ΩG+ iωB + f0ΩH −
2iΛ
ω
f0ΩA− ΛG = 0
dG
dt
+ΩF + iωC − f0ΩE −
2iΛ
ω
f0ΩD + ΛF = 0
dH
dt
+ iωD + f0ΩF −
2iΛ
ω
f0ΩC − ΛE = 0 (31)
where Λ = mω
2θ
2h¯ . Solving these equations to first order in the GW amplitude, with initial
conditions on the Bogoliubov coefficients similar to those used in the last section, yields
A(t) = 1− ΛK2 − f0ΩK3 +
Λ2 − iω2
Λ2 − ω2
− iωK1
B(t) = (Ω + Λ)K3 + f0Ω
(
K2 −
Λ
Λ2 − ω2
)
+ i
[
−ωK4 +
ω (Ω− Λ)
ω2 − (Ω− Λ)2
]
C(t) = − (Ω + Λ)K4 + f0Ω
(
K1 +
Λ
Λ2 − ω2
)
+
(
Ω2 − Λ2
)
ω2 − (Ω− Λ)2
− iωK3
D(t) = ΛK1 + f0ΩK4 −
f0Ω (Ω− Λ)
ω2 − (Ω− Λ)2
+
ωΛ (1 + i)
Λ2 − ω2
+ iωK2
E(t) = 1 + f0ΩK3 − (Λ + iω)
(
K1 +
ω
Λ2 − ω2
)
+ i
2Λf0Ω
ω
[
K4 −
(Ω− Λ)
ω2 − (Ω− Λ)2
]
F (t) = (Ω + Λ)K3 − f0ΩK2 +
f0ΩΛ
Λ2 − ω2
+ i
[
−ωK4 +
ω (Ω− Λ)
ω2 − (Ω− Λ)2
+
2Λf0Ω
ω
(
K1 +
ω
Λ2 − ω2
)]
G(t) = − (Ω + Λ)K4 + f0ΩK1 +
f0Ωω
Λ2 − ω2
+
(
Ω2 − Λ2
)
ω2 − (Ω− Λ)2
+ i
[
−ωK3 +
2Λf0Ω
ω
(
K2 −
ω
Λ2 − ω2
)]
7
H(t) = ΛK1 − f0Ω
[
K4 −
(Ω− Λ)
ω2 − (Ω− Λ)2
]
+
ωΛ (1 + i)
Λ2 − ω2
+ i
[
−ωK2 +
2Λf0ΩK3
ω
]
(32)
where K1, K2, K3, K4 are given by
K1 =
(sinωt+ cosωt) (Λ sinΛt− ω cos Λt)
Λ2 − ω2
K2 =
(sinωt+ cosωt) (Λ cos Λt+ ω sin Λt)
Λ2 − ω2
K3 =
ω cosωt sin (Ω− Λ) t− (Ω− Λ) sinωt cos (Ω− Λ) t
ω2 − (Ω− Λ)2
K4 =
ω sinωt sin (Ω− Λ) t+ (Ω− Λ) cosωt cos (Ω− Λ) t
ω2 − (Ω− Λ)2
. (33)
The above expressions together with the set of equations (18, 19, 6, 7, 11) yield the expec-
tation values of the components of position and momentum of the particle at any arbitrary
time t in terms of the initial expectation values of the position (X1 (0) ,X2 (0)) and momen-
tum (P1 (0) , P2 (0)). We provide the explicit expressions for 〈X1 (t)〉, 〈X2 (t)〉 and discuss the
interesting features they present.
〈X1 (t)〉 =
[(
1− ΛK2 +
Λ2
Λ2 − ω2
)
X1 (0) +
(
ωK1 +
ω2
Λ2 − ω2
)
P1 (0)
mω
]
+(Ω + Λ) [(K3ǫ3 −K4ǫ1)X1 (0) + (K3ǫ1 +K4ǫ3)X2 (0)]
+f0Ω [(K3ǫ3 −K1ǫ1 −K3)X1 (0) + (K2ǫ1 +K1ǫ3 − 2K4)X2 (0)]
+
[
−
f0Ωω (ǫ3 + ǫ1)
Λ2 − ω2
X1 (0) +
2f0Ω (Ω− Λ)−
(
Ω2 − Λ2
)
ω2 − (Ω− Λ)2
X2 (0)
]
+
1
m
[(K4ǫ3 +K3ǫ1)P1 (0) + (K4ǫ1 −K3ǫ3)P2 (0)]
+
1
mω
[
−
ω (Ω− Λ) ǫ3
ω2 − (Ω− Λ)2
P1 (0) +
2Λf0Ω
ω
(
Λǫ3
Λ2 − ω2
−K3
)
P2 (0)
]
(34)
〈X2 (t)〉 =
[(
1− ΛK2 +
Λ2
Λ2 − ω2
)
X2 (0) +
(
ωK1 −
ω2
Λ2 − ω2
)
P2 (0)
mω
]
+(Ω + Λ) [(K3ǫ1 +K4ǫ3)X1 (0)− (K3ǫ3 −K4ǫ1)X2 (0)]
+f0Ω [(K2ǫ1 +K1ǫ3 + 2K4)X1 (0) + (K3ǫ3 −K1ǫ1 +K3)X2 (0)]
+
[
−
2f0Ω (Ω− Λ) +
(
Ω2 − Λ2
)
ω2 − (Ω− Λ)2
X1 (0) +
f0Ωω (ǫ3 + ǫ1)
Λ2 − ω2
X2 (0)
]
+
1
m
[(K4ǫ1 −K3ǫ3)P1 (0)− (K4ǫ3 +K3ǫ1)P2 (0)]
+
1
mω
[
2Λf0Ω
ω
(
Λǫ3
Λ2 − ω2
−K3
)
P1 (0) +
ω (Ω− Λ) ǫ3
ω2 − (Ω− Λ)2
P2 (0)
]
. (35)
The solutions clearly reveal the effect of noncommutativity in the response of the harmonic
oscillator to the circularly polarized GW. With two frequencies present in the system, one from
the circularly polarized GW and other from the harmonic oscillator, it is only natural to expect
some resonance behaviour when one frequency approaches the other. But the interesting point
is that the spacial noncommutativity introduces an additional frequency Λ that is dependent on
the NC parameter, the harmonic oscillator frequency and the mass of the test particle into the
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system. Thus the resonance point is shifted from the expected value Ω = ω by an amount Λ. In
a detector setup, the mass of the test object as well as the natural frequency of the oscillation
will be known, therefore the predicted shift in resonance point, if detected, would be able to
put stringent bounds on the NC parameter. From equations (34, 35) it is evident that there
is another resonance point at ω = Λ = mω
2θ
2h¯ which is realized for a harmonic oscillator with
natural frequency ω = 2h¯mθ . However, from the existing upper-bounds on the NC parameter θ it
is clear that for a microscopic test particle, realizing such an oscillator would be difficult.
4 Conclusions
The quantum dynamics of a free particle and a harmonic oscillator interacting with circularly
polarized GWs are discussed in a noncommutative setting in the present paper. The results
for the free particle exhibits an effect due to the noncommutativity of space, although it is too
small to be identified with our present detection sensitivity. However, the harmonic oscillator
case reveals the effect of noncommutativity in an interesting way. The results show a resonance
phenomena where there is an interplay between the frequency of the GW, natural frequency of
the oscillator and frequency set by the noncommutative scale.
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